Abstract -The thermochemical data available for standard enthalpies of formation, both in the crystalline and gaseous phases, of metal B-diketonates is reviewed, and the calculation of enthalpies of gas-phase decomposition of these complexes is presented. The homolytic metal-oxygen bond-dissociation enthalpies for several complexes of &diketones with different metals are calculated, and the results discussed in terms of structure and bonding and, whenever appropriate, trends in the data are suggested and discussed.
INTRODUCTION
The B-diketones are generally bidentate ligands which appear to form complexes with virtually all of the nonradioactive metallic and metalloidal elements in the periodic table. Since the preparation of acetylacetone (2,4pentanedione) and similar i3-dicarbonyl compounds in the later half of last century, chemists have shown considerable interest in their properties and reactions. The presence of B-carbonyl groups with at least one proton on the intermediate carbon atom, allows a tautomeric equilibrium of the keto and enol forms, which is the most important feature of Bdiketones, since it is the enolate anion which forms complexes with metals ( Fig. 1) .
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The strengths of bonds between transition metals and ligands are of interest because not only of their involvement in biological processes, but the separation, purification of metals and in the catalysis of reactions. Enthalpies of gas-phase reactions of the complexes are necessary to calculate dissociation energies of metal-ligand bonds.
Thermodynamic data for metal G-diketonate complexes were first published in 1953 in the form of stability constant data for these complexes, in aqueous solution.
The thermochemical study of metal G-diketonates began in 1962 when the combustion enthalpy of the majority of the first row transition metal acetylacetonate complexes was reported. This was pioneering work in that these data were used to derive thermochemical homolytic and heterolytic bond-dissociation enthalpies, the later ones being used to show a classical double periodic variation with the atomic number of the metal, as predicted by the simple crystal field theory. The experimental work involved has subsequently been shown to be of very low accuracy, but calculations remain the principal method in use for the derivation of the mean metal-ligand bond-dissociation enthalpies. Since then the thermochemistry of both G-diketones and metal G-diketonate complexes has been progressively and extensively investigated over the last two decades. More thermochemical data are available for metal G-diketonate complexes than for any other group of complexes containing metal-oxygen coordinate bonds. Thus it is possible to classify such thermochemical data into well defined categories and to identify several trends within each category.
Since a wide variety of substituents can be introduced at positions R,, R, or R, of the G-diketone molecule (Fig. l) , it is desirable to use abbreviations for some of the various G-ketoenolates which have been extensively studied. A unique system of abbreviations has not yet been agreed on, and consequently the same compound appears in the literature under different abbreviations. Throughout this paper, the G-diketones will be generally abbreviated as "HGdik", 'W' being the enolic hydrogen atom, and "Gdik" the abbreviation for the rest of the structure. The abbreviations used are mentioned in Table 1 , together with their trivial names.
THERMOCHEMISTRY OF M E T A L P-DIKETONATES
The calculationof the bond strengths between the metal atoms and ligands requires the knowledge of several thermodynamic parameters for both metal complexes and ligands.
In the case of metal G-diketonates, it is necessary to know the standard enthalpies of formation and of vaporization (sublimation) of the ligands, the molar enthalpy of the dissociation of the enolic hydrogen of the ligands, <D>(O-H, enol, g)
the standard enthalpy of formation of the metals in the gaseous phase, as well as the standard enthalpies of formation of the crystalline complexes and their standard enthalpies of sublimation.
T H E R M O D Y N A M I C PARAMETERS OF P-DIKETONES
The standard enthalpies of formation of G-diketones are of key importance in determining the standard enthalpies of formation of metal Gdiketonate complexes from reaction calorimetric studies. The literature mentions experimental values for the standard enthalpies of formation of several i3-diketones, determined by precise combustion calorimetry. However, there are no experimental values for the standard enthalpies of formation of trifluoroacetylacetone and hexafluoroacetylacetone to be found, but these values can be estimated on the basis of the existing experimental data for other compounds, by using a Group Scheme. The available, experimental and estimated, data has been recently reviewed (ref. 14). 
STANDARD ENTHALPIES OF FORMATION OF CRYSTALLINE METAL p-DIKETONATE COMPLEXES
The first reported values for the standard enthalpies of formation of metal fl-diketonates were obtained by static bomb calorimetry in the early sixties. Jones and co-workers reported the first values for the acetylace- In 1966, Irving (ref. 17 ) published the first paper on the determination of the standard enthalpy of formation of a crystalline metal Gdiketonate, Al(acac),, by solution and reaction calorimetry. Metal 8-diketonates, M(fldik), and M(Mik), decompose into metal and free ligand in sulphuric, hydrochloric or perchloric acid, although complexes of low water solubility react slowly; for these particular complexes the rate of reaction can be increased by using a mixture of acid and 1,4-dioxan.
The standard enthalpies of formation of metal 8-diketonates, M(fldik),, are obtained from the enthalpy change (AHr) which occurs as a result of the reaction (2) ( 
2)
The enthalpy change of the reaction, AH?, is measured indirectly in an isothermally jacketed solution calorimeter by reaction in a non-volatile solvent, in which all the components are soluble. If equilibrium is rapidly reached from either side, the difference between the enthalpies of solution of all products and reactants, in the required stoichiometric ratio, gives the enthalpy of the reaction. The method introduced by Irving has since been used by different workers for measuring standard enthalpies of formation of a great number of crystalline metal fldiketonates, using appropriate solvents. 
There are also published values for the standard enthalpies of formation of the following crystalline metal i3-diketonates: wJPd(acac), cl = -756. Some of the values reported in this paper, both for the standard enthalpies of formation of the crystalline metal &diketonate complexes and for the calculated mean metal-oxygen bonddissociation enthalpies, were recalculated from the original papers reporting the experimental work, using more modem auxiliary data, specially new values for the standard enthalpies of formation of the ligands and for the standard enthalpies of sublimation of the metal fl-diketonate complexes. 
Metal-oxygen bonds in complexes of p-diketones

STANDARD ENTHALPIES OF SUBLIMATION OF METAL p-DIKETONATES
The standard enthalpies of sublimation of coordination compounds are of key importance, since it is necessary to refer the standard enthalpies of formation to the ideal gas state in order to remove the intermolecular forces, and so calculate the strengths of the coordinated bonds. 
THE M E A N METAL-OXYGEN BOND-DISSOCIATION ENTHALPIES
From the standard enthalpies of formation of crystalline metal 8-diketonates, WJM@-dik), cl, and the corresponding standard enthalpies of sublimation, AH,[M(Bdik),, cl, the standard enthalpies of formation of the gaseous metal kdiketonates, m,[M(iJdik), gl can be derived.
The mean metal-oxygen homolytic bond-dissociation enthalpies, cD>(M-O), can be derived from the molar enthalpies of dissociation, AH,x, of the hypothetical dissociation reaction of the gaseous molecules into metal atoms and ligand radicals The mean metal-oxygen bond-dissociation enthalpies for the metal f3-diketonates have been calculated and summarized in Tables 7,s and 9. The available results allow several conclusions to be drawn. From Tables 7 and 8, it is clear that the mean metal-oxygen bond-dissociation enthalpies, for the same metal with different ligands, are almost the same within the associated uncertainties; the average values of <D>(M-O) for the same metal are shown in last rows of the tables. These almost constant values for <D>(M-0) suggest that, for a certain metal, the mean metal-oxygen bond-dissociation enthalpy is not affected by the structure of the ligand, and so, as the metal is completely surrounded by the oxygens atoms of the ligands, it must be totally oxidized, i. e., in an oxidation state similar to the one of the corresponding metal-oxide. So, a linear correlation <D>(M-O, complex, g) = f
(<D>(M-O, oxide, g)] is to be expected, where <D>(M-O, oxide, g) is the enthalpy of dissociation (Bb) for the reaction
This can be only tested for metals with oxidation number two, since there are no published values for AI+,(w03, g). Table 10 lists the values of B J M , g), MJMO, g), and the calculated <D>(M-O, oxide, @. The observed correlation is depicted in Fig. 2 and it is excellent for transition metals , but not satisfactory for the group II metals (alkaline earths), probably due to their highly ionized structure or the available values for B,(MO, g).
It might also be expected (ref. 14) that the metal-oxygen bonds in metal i3-diketonates are more similar to the corresponding bonds of the crystalline oxides, since, in the oxides with polymeric structures, the metal has a coordination number and a configuration equal to the one in the complexes. Then, from the molar enthalpy If one thinks in terms of interatomic distances, despite the fact that not all of the molecular structures are known, the results seem consistent with the fact that for different i3diketonates of the same metal, the metaloxygen bond length is almost constant (ref.
2).
Metal-oxygen bonds in complexes of P-diketones
1233
The average value for <D>(Cr-O) is 218 kJ mol-1 ( ) and subsequently the enthalpy of disruption of reaction (9), AHdb = 2481 kJ mol-'
[Ni(acac),l,( g) + 3 NiCg) + 6 acac(g), 
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